To investigate the effect of FGF-2 on corneal endothelial cell survival in porcine and human corneas during corneal storage in a serum-free medium. METHODS. Porcine and paired human corneas were stored at 32°C for 9 and 22 days, respectively. One cornea of each pair was stored in a serum-free culture medium, and the mate was preserved in the same medium supplemented with 10 ng/mL FGF-2. Quantitative analysis of corneal damage after storage was determined by the Janus green photometry technique. 5-Bromo-2-deoxyuridine (BrdU) labeling of the endothelium determined the effect of FGF-2 on endothelial proliferation during storage. Additional cell culture studies were performed to elucidate the role of FGF-2 on the incidence of endothelial apoptosis after serum deprivation. RESULTS. When FGF-2 was added to the serum-free medium, the damage rates of porcine endothelia were reduced from 15.1% Ϯ 8.7% (control) to 6.4% Ϯ 2.0% after 9 days and from 25.3% Ϯ 10.2% to 13.6% Ϯ 4.2% after 22 days of storage. In the human corneas stored during 22 days in FGF-2-supplemented medium, the amount of endothelial damage was 11.8% Ϯ 3.2%, which was significantly less damage than in the control fellow corneas stored in unsupplemented serum-free medium (19.3% Ϯ 6.3%; P Ͻ 0.01). DNA synthesis was not enhanced in corneas stored in serum-free medium, serum-free mediumϩFGF-2, or medium containing 10% FCS. Only a few (3.8%) TUNEL-positive endothelial cells were detected in cultures maintained in FGF-2-supplemented serum-free medium compared with a high number (48%) of apoptotic cells in control cultures. CONCLUSIONS. FGF-2 efficiently reduces human corneal endothelial damage that occurs during organ culture storage in a serumfree medium. This effect is truly protective, because no proliferative activity and a decreased rate of apoptosis were determined. FGF-2 emerges as an important component of a future serum-free corneal organ-culture medium established to replace fetal calf serum (FCS) as a potential source of recipient infection. (Invest Ophthalmol Vis Sci. 2003;44:3826 -3832) 
O rgan culture is the preferred storage method in Europe, mainly because of the benefits of an extended storage time that has advantages such as standardized quality and microbiologic testing, optimal matching of donor and recipient (e.g., age, HLA), convenient scheduling of the surgery, and constant availability of corneas for emergency procedures. 1, 2 Excellent poststorage morphologic features 3 and postoperative clinical results 4 have been achieved using this preservation procedure, with corneas stored for up to 48 days. 5 The most important issue regarding donor cornea selection for transplantation refers to the cell number and vitality of the endothelium. 4 Although the in vitro viability of the endothelium stored in organ culture is longer than with other storage techniques, endothelial cell loss occurs with increasing length of storage time, probably due to metabolic changes in the culture medium (glucose depletion and lactate accumulation), nutrient deprivation, mechanical stress (Descemet's folds as a consequence of stromal swelling), endotoxins, and loss of survival factors. 4, 6, 7 The mean endothelial cell loss during organ culture is approximately 10% of the initial cell number. 6 Efforts to reduce endothelial cell loss are directed toward agents that primarily protect the endothelium during the preservation period. Fetal (FCS) or newborn calf serum (NCS) as an additive for corneal organ culture media has a protective effect for endothelial cells 8 and its addition to standardized media has been a recommended procedure performed in most European cornea banks. However, due to variations in the quality of the different commercially available sera preparations, the viability of the preserved endothelium may sometimes be severely compromised. In addition, FCS bears an at least theoretical risk as a potential infectious source, which has recently become evident in view of the appearance of bovine spongiform encephalopathy (BSE) in cattle of several European countries during 2000. These detrimental features of calf serum emphasize the need for the development of a serum-free organ-culture medium.
FGFs are polypeptides that form a family of heparin-binding growth factors, actually consisting of 13 members. The two major forms, acidic and basic FGF (FGF-1 and -2, respectively), share a 55% absolute homology in their primary structure 9 and have been isolated from various tissues. 10 In vitro, both FGF-1 and -2 act on a wide variety of cells from neuroectodermal and mesodermal origin. 10 FGFs interact with specific cell surface receptors, and the genes encoding these receptors have been isolated. 11, 12 FGF-1 and -2 have been shown to be mitogenic agents for cells and tissues and to stimulate wound repair of these cells, including those of the corneal endothelium, in vitro and in vivo. [13] [14] [15] [16] [17] [18] [19] In addition, further studies have shown that the growth factor possesses the properties of a true survival factor in tissues, including ocular tissues, in that it promotes the survival of retinal ganglion and photoreceptor cells. 20, 21 In the present study, we therefore investigated the ability of a recombinant-derived human FGF-2 to protect the corneal endothelium of porcine and human corneas during corneal storage in a serum-free organ culture medium.
Organ Culture
Porcine Eyes. Fresh eyes of 6-month-old pigs were obtained from a local abattoir. Enucleation was performed immediately after death. The eyes were transported in a saline solution (BSS; Alcon, Freiburg, Germany) at 4°C with 40 mg/L nystatin and 20 mg/L gentamicin sulfate and processed within 60 to 120 minutes after enucleation. In total, 96 porcine corneas were used for these experiments.
Human Corneas. Human donor corneas that were discarded by our cornea bank because of corneal scars, low endothelial cell density (ECD Ͻ2200 cells/mm 2 ), or medical contraindications to transplantation were used in the study. All corneas were obtained in accordance with the guidelines set forth in the Declaration of Helsinki. Paired corneas only were used, to overcome interindividual variation of morphometric aspects and physiological responses of the endothelium. Corneas with extreme polymegethetic, pleomorphic, or diseased endothelium were excluded. Fifteen pairs of human corneas were used. Donor ages ranged from 46 to 79 years (mean, 63 Ϯ 19 [SD] years). The time interval between death and corneal dissection averaged 15.6 Ϯ 6.2 hours. The corneas had an average ECD of 1845 Ϯ 421 cells/mm 2 (range, 1320 -2150).
Processing of the Eyes. Both porcine and human globes were decontaminated in a solution of polyvinylpyrolidoniodine (25 g/L) for 5 minutes. Subsequently, the eyes were transferred in a solution of sodium thiosulfate (9.328 g/L) for 3 minutes and finally were rinsed in a saline solution (BSS; Alcon). All corneas were then carefully excised with a 2-mm scleral rim and placed on a wax cup with the endothelium side up. The whole endothelium was stained for 60 seconds with trypan blue (0.4%). The cornea was then rinsed thoroughly in BSS to expose stained cells and thus to detect endothelial lesions. In any case of severe endothelial damage, the cornea was excluded. A 7-0 suture was placed in the scleral rim, and the corneoscleral segment was suspended in 100 mL storage medium in a glass bottle closed with a rubber stopper. All manipulations were performed under sterile conditions under a laminar-flow hood.
Corneal Storage Medium. Each corneoscleral segment of porcine and human corneas was stored in 100 mL serum-free MEM containing L-glutamine (2 mM) and HEPES buffer (25 mM), NaHCO 3 (20 g/L), penicillin (100 IE/mL), streptomycin (0.1 mg/mL), and nystatin (50 E/mL) or in 100 mL complete serum-free medium to which 10 ng/mL FGF-2 was added.
Recombinant Human (rh)FGF-2. Rh-FGF-2 was provided as a lyophilized powder containing 50 g. The reconstitution was achieved with 5 mL saline solution (BSS; Alcon) to obtain an FGF-2 concentration of 10 g/mL. The in vitro biological activity of the solution was assessed by measuring tritiated thymidine incorporation into cellular DNA of cultured bovine epithelial lens cells. 22 The activity was confirmed to be in the range of that reported in the literature and of our laboratory experience (EC 50 ϭ 50 -200 pg/mL).
Experimental Groups.
To determine the endothelial damage with increasing storage time, porcine corneas were stored for 0 (freshly excised), 4, 9, 14, 21, and 28 days (n ϭ 8 corneas at each time point) under serum-free conditions at 32°C. The comparative study was performed with porcine eyes stored for either 9 or 21 days in serum-free or FGF-2-supplemented medium, respectively (n ϭ 8 corneas for each experimental group). The corneas were randomly assigned to one of the following three experimental groups: fresh corneas, corneas preserved in serum-free medium, and corneas preserved in serum-free medium plus FGF-2.
One cornea of each pair of human eyes was randomly assigned to a 21-day preservation in serum-free medium, and the fellow eye was stored for the same time in serum-free medium supplemented with FGF-2. The media were changed and the FGF-2 supplemented every 7 days. After this storage period, to exactly reproduce the procedure in a cornea bank, each cornea was transferred for an additional 24 hours to a serum-free medium containing 5% dextran T500 which is routinely used before transplantation to reverse stromal swelling that occurs during organ culture. The following examinations were performed in a blind fashion, in that the observer was masked to the assignment of each vial.
Janus Green Photometry Technique
This dye exclusion assay quantitates endothelial cellular membrane integrity as an indication of cell viability. The assay measures the amount of Janus green dye extracted from corneas after vital staining. The photometric determination of the extracted dye corresponds to the percentage of altered endothelial cells and has been established as a reliable parameter of endothelial damage. The technique has been described in detail. 23 Briefly, after a brief rinse of freshly excised or preserved corneas in a BSS, the corneoscleral segment was placed on a corneal trephining wax cup with the endothelial side up. The whole endothelium was stained for 90 seconds with a 1% Janus green solution (Merck, Darmstadt, Germany). After thorough rinsing, the central corneal area was punched out with an 8.0-mm diameter hand trephine. The stain from each trephined button was eluted in a disposable test tube that was filled with 1 mL of absolute ethanol. Complete extraction of the stain was achieved after 90 seconds. Photometric measurement of the eluate was performed with a spectrophotometer (Anthos Labtec Instruments, Salzburg, Austria) at 650 nm, taking absolute ethyl alcohol as the blank value. The extinction values corresponding to "normal" endothelial damage in fresh corneas and complete (100%) damage were determined by taking (1) freshly excised corneas for the 0% lesion and (2) for the 100% lesion, freshly excised corneas treated with absolute alcohol, to alter endothelial viability of the whole endothelial layer. A linear relation was established so that with a given extinction value, the damaged area in the percentage of the whole trephined endothelial surface could be determined.
Scanning Electron Microscopy
Corneas scheduled for examination by scanning electron microscopy (n ϭ 3 pairs) were fixed in 2.5% glutaraldehyde in 0.1 M cacodylate buffer for 24 hours and then stored at 4°C in 0.2 M cacodylate buffer. The corneas were then dehydrated through a graded ethanol series (30%-100%) terminating in anhydrous acetone. Subsequently, the corneas were critical point dried from carbon dioxide, sputter coated with gold-palladium alloy, and examined using a scanning electron microscope (JSM T200; JEOL, Tokyo, Japan).
BrdU Assay
BrdU labeling medium was added to the endothelial side of corneas that had been organ cultured for 22 days in serum-containing medium, serum-free medium, or serum-free medium supplemented with 10 ng/mL FGF-2. As a positive control, a mechanical scratch injury was performed on a cornea before preservation in FCS-containing medium. The corneas were incubated with the labeling medium at 37°C in 5% CO 2 for 60 minutes and then washed three times with washing buffer (PBS). Subsequently, they were fixed with 70% ethanol in glycerin buffer (pH 2.0). After corneas were washed with PBS, they were incubated with an anti-BrdU solution for 30 minutes at 37°C. Antimouse-Ig-alkaline phosphatase was applied to the endothelium and incubated for 30 minutes at 37°C. The corneas were washed with PBS again, and the cell monolayer was covered with a colored substrate solution (nitroblue tetrazolium [NBT], X-phosphate). After an incubation time of 30 minutes at room temperature, photomicrographs of stained cells were obtained with a light microscope (Leica, Heidelberg, Germany).
Cell Culture
Bovine corneal endothelial cell (BCEC) cultures were established according to our standardized protocol. 24 Briefly, the harvested cells were centrifuged and the supernatant was taken up in 1 mL DMEM. The number of cells in the suspension was determined by counting with a cell counter (CASY 1; Schärfe System GmbH, Reutlingen, Germany). After centrifugation, cells were resuspended in culture medium with 10% FCS and seeded at a density of 10 4 cells per well in six-well dishes containing 2 mL culture medium supplemented with 10% FCS. After 48 hours, the cells were washed three times with serum-free DMEM. Subsequently, BCECs were cultured for three more days in either culture medium containing 10% FCS, in serum-free medium, or in serumfree medium supplemented with 10 ng/mL FGF-2, respectively.
TUNEL Assay
Primary BCECs cultured in the three different media were fixed and mounted on slides coated with poly-L-lysine. Subsequently, the cells were permeabilized with 0.1% saponin in PBS for 40 minutes, washed four times for 5 minutes each in PBS, treated with acetone for 1 minute, washed four times for 3 minutes each in PBS, digested with 1 mg/mL proteinase K for 10 minutes at room temperature, and washed again four times for 3 minutes each in PBS. The protocol supplied with the in situ apoptosis detection kit (Roche Molecular Biochemicals) was adhered to for the remainder of the procedure. Endogenous peroxidase activity was quenched with 2% hydrogen peroxidase, and specimens were equilibrated in 1ϫ labeling buffer and labeled with biotinylated nucleotide triphosphates using terminal deoxynucleotidyl transferase (TdT) for 1 hour at 37°C. Reaction was stopped with 1ϫ stop buffer for 5 minutes. The specimens were then rinsed with water, streptavidin-horseradish peroxidase conjugate was applied for 10 minutes, and the cells were washed four times in water for 3 minutes each time. Peroxidase substrate was applied for 3 minutes, and specimens were rinsed again with four changes of water. For a negative control, the TdT enzyme was omitted from labeling reaction in some specimens and processed together with experimental assays.
Quantitative Determination of Apoptotic Cells
To improve visualization, the cells were stained with a 5% Giemsa solution (Hollborn & Söhne, Leipzig, Germany). Apoptotic cells were quantified by counting TUNEL-positive cells per 200ϫ field under a light microscope (Leica). This number was divided by the total number of cells in the same field, yielding the percentage of apoptotic cells within each specified field.
Statistics
Statistical analyses of the data were performed on computer (Sigma Stat; SPSS Sciences, Chicago, IL).
Organ Culture Studies. The difference between the endothelial damage of corneas stored in serum-free medium and corneas preserved in rhFGF-2-supplemented medium was analyzed with the Mann-Whitney test (porcine corneas) or the Wilcoxon signed rank test (human corneas).
Cell Culture Studies. The unpaired Student's t-test was applied to determine the statistical significance between the number of apoptotic endothelial cells of corneas preserved in medium containing 10% FCS, serum-free medium, and serum-free medium supplemented with FGF-2. To determine the statistical significance between more than two groups, ANOVA with a Bonferroni type ␣ correction for unpaired groups (Duncan multiple range test) was used. For all studies, P Ͻ 0.05 was considered significant.
RESULTS

Quantitative Analysis of Porcine Endothelial Damage
The porcine corneas were chosen to determine the time course of endothelial damage occurring during storage in a serum-free culture medium. The extinction values of the 10 freshly excised normal porcine corneas revealed an arithmetic mean of 0.04 Ϯ 0.02 corresponding to 4.8% Ϯ 1.8% damaged cells. Apparently, small areas of endothelium may have been altered by the enucleation and corneal excision procedures. Figure 1 shows the increase in endothelial cell damage with prolonged storage times. The amount of endothelial damage remained relatively low during the first week in organ culture. From day 10 on, a significantly increased damage rate was observed. The curve steepened again after 21 days of storage. At this time point, the damaged cells represented 21% of the entire area examined. After 4 weeks of preservation, approximately 50% of the cells were altered or had sloughed off.
The mean extinction value for the 10 control corneas after 9 days of storage was 0.14 Ϯ 0.08, corresponding to 15.1% Ϯ 8.7% damaged cells. When 10 ng/mL FGF-2 was added, the extinction value at day 9 for the 10 stored corneas was 0.06 Ϯ 0.01, corresponding to 6.4% Ϯ 2.0% damaged cells (Fig. 2) . The lower amount of damaged cells of the corneas preserved in FGF-2-supplemented medium was significantly different (P ϭ 0.004) from the respective control group and was not significantly different from fresh corneas (P ϭ 0.17; Fig. 2) .
When the storage time was extended to 22 days, the endothelia of the porcine corneas preserved in a serum-free medium revealed mean overall endothelial cell damage of 25.3% Ϯ 10.2%. The addition of FGF-2 to the medium reduced the damage rate to 13.6% Ϯ 4.2% (Fig. 2) .
Effect of FGF-2 on Endothelial Preservation of Human Corneas
For the human comparative study, we chose a fixed storage time of 21 days with an additional 24 hours in serum-free medium plus 5% dextran, according to standard eye bank protocols for deswelling of corneas before keratoplasty. The mean extinction value for the 10 control corneas (stored in serum-free MEM) after 21 ϩ 1 days' storage time was 0.20 Ϯ 0.06, corresponding to 19.3% Ϯ 6.3% damaged cells. The mean extinction value for the 10 fellow eye human corneas stored in FGF-2-supplemented serum-free medium corresponded to 11.8% Ϯ 3.2% damaged endothelial cells. The statistical analysis of these data revealed a significant difference between both groups (P ϭ 0.006).
Scanning Electron Microscopy
The ultrastructural appearance of the endothelium after storage in both groups is shown in Figure 3 . The cells of control corneas showed a swollen cytoplasm, breakage of the cellular borders with loss of the typical ruffled aspect of the apical edges, and a decreased number of microvilli (Fig. 3A) . Necrotic cells were also clearly visible. In contrast, the corneas stored in FGF-2-supplemented medium exhibited an almost physiological endothelium with slightly swollen nuclei and expression of microvilli on the apical cellular membrane as an indication of metabolic activity (Fig. 3B) . No apparent morphologic alterations were detected in the endothelium of FGF-2-treated corneas.
BrdU Assay
The immunocytochemical assay for the detection of BrdU incorporation into cellular DNA was performed to evaluate a possible proliferative effect of FGF-2 during organ culture. After a storage time of 22 days, no significant BrdU labeling of the cells was detected in both experimental groups, independent of the presence or absence of FGF-2 or FCS in the culture medium (Fig. 4A) . As a positive control, we stored one donor cornea in a medium containing 10% FCS after a scratch injury was made to the central endothelium. BrdU labeling was found only in cells surrounding the remaining wound (i.e., denuded Descemet's membrane; Fig. 4B) . These experiments demonstrate that the reduced alteration of the endothelium of corneas stored in FGF-2-supplemented medium is not due to cellular renewal during the storage time but represents a true protective effect on the cells.
Quantitative Determination of Apoptosis
The TUNEL assay was performed to detect apoptosis occurring during culture of BCECs in a serum-free medium, in serum-free medium supplemented with 10 ng/mL FGF-2, or in the basal medium supplemented with 10% FCS. Counting of the number of apoptotic cells after 3 days in culture showed 48% Ϯ 8.5% of the total number of cells undergoing apoptosis in the serumfree medium (Fig. 5A) . Only 3.8% Ϯ 0.5% of the cells were apoptotic in the serum-free medium supplemented with FGF-2 ( Fig. 5B ) and no TUNEL-labeling was detected in the medium containing 10% FCS (Fig. 5C) . The difference in the number of apoptotic cells was significant for both FGF-2-and FCS-containing medium compared with the cultures kept under serum-free conditions (P Ͻ 0.001). There were no significant differences in the amount of BCEC apoptosis between cell cultures grown in FGF-2-or FCS-supplemented medium.
DISCUSSION
The addition of fetal or newborn calf serum to corneal organculture medium is a routine procedure performed in most European cornea banks. However, mainly because of quality variations of the different sera used-sometimes even between different batches of the same serum-the composition and thus the quality of these media are not defined at the moment, which may lead to severe variations in the quality of corneal preservation, mainly concerning the viability of the endothelium. In addition, the need for the development of a serum-free organ-culture medium has recently gained further importance in view of the appearance of BSE in cattle in several European countries, which has raised questions of potential risks of contagion with the use of FCS.
The results of this study demonstrate a beneficial effect of exogenous human recombinant FGF-2 to protect both porcine and human corneal endothelium from damage after storage in a serum-free organ culture medium. Fewer damaged endothelial cells (12% of the total population) were detected after a storage time of 22 days in an FGF-2-supplemented medium compared with the fellow-eye human corneas stored in serumfree medium without supplements (19% damage).
Previous studies have provided evidence of the role of FGF-2 as a survival factor in ocular tissues. The growth factor has been found to promote survival of cholinergic neurons and retinal ganglion cells 20, 25 and to delay the phenotypic degeneration of rat retinal photoreceptors. 21, 26 In addition, exogenous FGF-2 has been shown to protect retinal ganglion cells and other inner retinal elements from ischemic injury. 27 Renaud et al. 28 have shown that if the intracellular content of FGF-1 is increased by transfection of the FGF-1 gene into PC12 cells, the survival of these cells in serum-free cultures is dramatically enhanced compared with nontransfected control cultures.
Earlier cell culture studies have provided indirect evidence that FGF-2 is a survival factor for corneal endothelial cells, as well. Gospodarowicz et al. 13 have observed that survival of corneal endothelial cells maintained in cell culture is enhanced either by addition of serum to the culture medium or by seeding a sufficient number of cells per well. Sato and Rifkin 29 explained the latter observation by speculating from their studies with vascular endothelial cells that the synthesis of sufficient endogenous FGF-2 is able to mimic the effect of serum to prolong cell survival. Indeed, our own investigations have demonstrated that FGF-2 protein and the associated FGFR-1 receptor are produced by human endothelial cells in vitro. 30 Exogenous FGF-2 has been used in previous studies that have demonstrated that the growth factor is able to accelerate healing of mechanically denuded areas of human endothelial cells in organ culture 14, 18, 19 and in animal wound models. 15, 16, 31 One may thus speculate that cell renewal induced by the growth factor's well known mitogenic effect could have been responsible for the reduced overall cell damage in FGF-2-supplemented corneas. No consistent BrdU labeling of the cells stored in basal serum-free medium, FGF-2-containing serum-free medium, or medium supplemented with 10% FCS was detected. However, significant labeling with BrdU was observed in cells surrounding a mechanically induced larger endothelial injury. This observation indicates that sufficient endothelial injury is necessary for the growth factor to exert a significant mitogenic effect on the in situ endothelium, because contact inhibition prevents FGF-2-induced proliferation.
For this reason, the beneficial effect of FGF-2 in prevention of pre-and postoperative endothelial cell loss is thus in protecting the viability of the stored endothelial cells rather than in inducing mitosis. Furthermore, the results presented strongly suggest that the growth factor exerts a true protective effect on endothelial cells because in cell culture, serum-deprived BCECs underwent rapid apoptosis that was substantially prevented by adding FGF-2 to the culture medium. We did not obtain reproducible results when applying the TUNEL assay to the in situ endothelium after organ culture, although the feasibility of applying the technique to the whole cornea has recently been demonstrated. 7 For both cell and organ culture, one has to be aware that the TUNEL assay does not exclusively detect apoptotic cells, because DNA fragmentation also occurs during necrosis. However, whatever cellular mechanism may predominantly lead to endothelial cell death during corneal organ culture, a protective effect of FGF-2 prevents an elevated increase in damaged or dead cells which is at present inevitable when a serumdeprived standard organ-culture medium (mainly MEM) is used. In this context, the results are of interest for the current research on the composition of a suitable, defined serum-free organ culture medium. 32 Some cells maintained in FGF-2-supplemented medium showed intracytoplasmic vacuolization. This morphologic feature appears in conditions of cellular stress but was detected in the cell culture experiments only. A formation of closely attached cells as in the organ-cultured cornea apparently increases the resistance of the individual cell to environmental stress factors.
The storage time of 22 days was chosen as an average preservation time of donor corneas in most eye banks. A concentration of 10 ng/mL recombinant human FGF-2 used in the comparative study with human corneas was found to be the most effective in previous cell culture experiments. Our studies with human corneal endothelial cells (HCECs) showed a dose-dependent, significant stimulation of HCEC proliferation with a peak at 10 ng/mL and a decrease at higher concentrations. 30 The half-life of FGF-2 activity at 32°C is estimated to be 24 hours, 33 but the fixation of FGF-2 to low-affinity receptors (heparan sulfate proteoglycans) present on the cell surface and in the basement membrane is very stable and has been shown in animal models to persist as long as 18 days after a single topical application on a cornea with denuded epithelium. 34 This binding probably reflects the main rationale for the use of FGF-2 in this context, because the bound growth factor remains biologically active 35 and is protected against proteolytic degradation. 33 This may explain why one application of FGF-2 per week was sufficient in our experiments to enhance the survival of these cells. The reason for the absence of a protective effect when epidermal growth factor (EGF) was used in a commercial storage medium (Optisol; Chiron Vision, Irvine, CA) at 4°C (Briat B, David T, Serdarevic O, Gordon J, Renard G, Pouliquen Y, ARVO Abstract 1860, 1994) 36 could thus be the different binding and kinetic properties of EGF and FGF-2.
At the light microscopical and ultrastructural level, we were not able to detect any morphologic cellular side effects related to the application of the growth factor. The ex vivo application of the growth factor is particularly advantageous in this context, avoiding problems of an intraocular application mainly related to the angiogenic potency of FGF-2.
In conclusion, this study demonstrates that FGF-2 as an additive to a serum-free culture medium protects the endothelium from damage that occurs during corneal storage. FGF-2 addition alone might not be sufficient to meet the demands of current cornea bank standards in providing sufficient endothelial protection comparable to serum-containing media. However, the growth factor could be an important component of an advanced organ culture medium with a known, defined composition that replaces the present use of FCS and thus additionally avoids the potential transmission of contagious disease to the corneal transplant recipient.
